Okpoka Creek is a tidal creek, rich in fish resources and numerous human's activities are going on within and around it. This study assessed the effects of low and high tides on the physico-chemical characteristics of Okpoka Creek. Surface water samples were collected between May 2004 and April 2006 at both tides according to APHA methods. These were analysed for temperature, pH, transparency, salinity, dissolved oxygen (DO), biological oxygen demand (BOD), pH, conductivity, total dissolved solids (TDS), chlorides, magnesium, hardness, total organic carbon (TOC), total organic matter (TOM), calcium, alkalinity and nutrients (ammonia, nitrate, phosphate and sulphate). Data analyses were done using analysis of variance (ANOVA), Duncan multiple range (DMR) and descriptive statistics using statistical analysis system (SAS). Tide demonstrated significant influence on the measured physico-chemical variables: temperature, turbidity, electrical conductivity, pH, DO, BOD, TDS, calcium and hardness (P<0.05). The values of the measured physicochemical parameters and nutrients were higher or lower at low tide for some parameters and vice versa. The recorded range of TOC concentrations at both tides was above the 1 to 30 mg/L for natural aquatic bodies. Phosphate and ammonia exceeded FEPA and USEPA acceptable levels of 0.01 mg/L for natural water bodies. Nitrate and phosphate had significant tidal variations (P<0.05). Increasing anthropogenic wastes especially dredged materials, slaughter effluents and raw human faeces lead to high organic loads. Concerted environmental management strategies to conserve the abiotic resources in order to maintain the biological integrity and fish resources of Okpoka Creek are recommended.
Introduction
Tides are characteristic features of marine coasts. They are the result of gravitational forces powered by the moon, and to a lesser extent the sun, on very large water bodies [1] . Tidal variations in coastal waters have been often attributed to nutrients [2] . The physico-chemical parameters (pH, temperature salinity, dissolved oxygen, biological oxygen demand, turbidity, transparency, etc) of water are very essential for the life of aquatic organisms (fishes, amphibians, reptiles, birds and mammals) and they influence these organisms. These abiotic features and biotic parameters are used to determine the health of the aquatic environment.
Okpoka Creek is one the river systems of the Upper Bonny Estuary, Niger Delta, Nigeria. It is noted for its rich fish resources. The study on the tidal influence of the physico-chemical parameters of this creek is of paramount value because of its location, and the numerous human's activities going on within and around it. The need to conserve the aquatic environments in order to maintain sustainable resources and development at the local and international levels has been of great concerns to aquatic scientists. This can only be obtained if the physicochemical and biological integrity of the aquatic environments are maintained. There are many industries and jetties sited along the shores of Okpoka Creek. These industries (Snig, Far East paints, RIVOC, General-agro, Michelin tyres, Cocacola, Hallibuton, Schlumberger, Acorn, etc), main abattoir and jetties release untreated effluents including crude oil and its products directly into the system. Apart from these wastes, domestic sources contribute to the anthropogenic wastes load of this river system. Other human activities (dredging, transportation, laundry, fishing, etc) also impact on this estuary.
Some research works had been conducted on effects of tides on sediments and biological parameters of Okpoka Creek. Davies and Ugwumba [3] studied the tidal influence on nutrients status and phytoplankton population of Okpoka Creek, Upper Bonny Estuary, Nigeria. Davies and Tawari [4] evaluated the season and tide effects on sediment characteristics of Trans-Okpoka Creek, Upper Bonny Estuary, Nigeria. Other works outside this creek are those of Mitra et al. [5] that evaluated the spatial and tidal variations of physico-chemical parameters in the Lower Gangetic Delta Region, West Bengal, India. Praveena et al. [2] also assessed the tidal and anthropogenic impacts on coastal waters of Port Dickson, Strait of Malacca, Malaysia.
This study thus investigated the effects of tides (low and high) on the physico-chemical characteristics of Okpoka Creek.
Fig. 1. Study Area Map

Materials and Methods
Study Area
The Okpoka Creek is found between longitudes 7° 00″ E and 7 º 15 ″N and latitudes 4° 28″ E and 4° 40″ N. It is a tributary of the Upper Bonny Estuary in the Niger Delta, South-South of Nigeria (Fig.1) . Nypa palm (Nypa fructican) and mangroves, red mangrove (Rhizophora racemosa) and white mangrove (Avecennia nitida) are the dominant plants. It transverses through many riverine communities namely: Oginigba, Woji, Azubiae, Okujagu, Okuru-ama, Abuloma, Ojimba, Oba, Kalio and Okrika.
Duration of Samplings
Surface water samples were collected following American Public Health Association (APHA) [6] method twice a month from ten stations for twenty-four months (May 2004 -April 2006) at low and high tides.
Measurements of Relevant Water
Physico-Chemical Parameters
Temperature was measured in-situ with a mercury-inglass thermometer (in Celsius) to the nearest whole number. The transparency of the water was measured in meter by a Secchi disc (20 cm diameter) following Boyd [7] method. The turbidity [Nephelometric Turbidity Unit (NTU)], electrical conductivity (µs/cm) and salinity [part per thousand (ppt, ‰)] were determined in the laboratory using conductivity meter (Horiba-U: 10µ multimeter). The pH was determined in-situ using pH-EC-TDS meter (model Hanna HI 9812; range 0.0-14.00pH) by dipping its electrode into the surface water (20 cm below) for two minutes. Dissolved oxygen, biological oxygen demand, alkalinity, total dissolved solids, total organic carbon, total organic matter, chloride, calcium, magnesium, total hardness, nitrate, sulphate, phosphate and ammonia were determined by Boyd [7] and APHA [6] .
Data Analyses
Data was analysed for analysis of variance (ANOVA), Duncan multiple range (DMR), Pearson correlation coefficient and descriptive statistics using SAS [10] .
Results
Surface Water Physical Parameters
Tide demonstrated significant influence on the measured physical variables except transparency (P<0.001, DMR). At low tide, mean temperature was 28.71±0.07 ºC and at high tide, 28.12±0.17 °C. Transparency ranged between 0.65±0.01m (high tide) and 0.70±0.03 m (low tide). Tide had no significant influence on transparency (P>0.05). Turbidity at high tide was 7.66±1.79 NTU and at low tide was 2.99±0.25 NTU (Fig. 2 ). Tide had highly significant impact on turbidity (P<0.001, DMR).
Fig. 2. Variation of turbidity, transparency and temperature in relation to tide in Okpoka Creek
Surface Water Chemical Parameters
The measured chemical parameters included electrical conductivity, salinity, pH, dissolved oxygen, biological oxygen demand, total dissolved solids, total organic carbon, total organic matter, alkalinity, chloride, magnesium, calcium and hardness. Tide had significant impact on electrical conductivity, pH, dissolved oxygen, biological oxygen demand, total dissolved solids, calcium and hardness (P<0.05). Low tide salinity was higher (15.26±5.88 ‰) than high tide salinity 11.11±0.66 ‰) (Fig.  3) . Tidal effect on salinity was insignificant (P>0.05). Dissolved oxygen was high at low tide (5.06±0.12 mg/L) and low at high tide (4.54±0.22 mg/L). Biological oxygen demand concentration (3.39±0.11 mg/L) at low tide was higher than biological oxygen demand concentration (2.75±0.19 mg/L) at high tide. Low tide had higher pH of 5.06 ±0.12 and high tide low pH of 4.54±0.22. There was high significant tidal effect on pH (P<0.001, DMR). From Fig. 4 , tidal influence on conductivity was higher at high tide (18090±980 µs/cm and lower at low tide (14280±600 µs/cm). There was significant tidal variation (P<0.001, DMR) on conductivity. At high tide, total dissolved solids (12670±690 mg/L) was higher than at low tide total dissolved solids (9760±380 mg/L) and tidal effect was significant (P<0.001, DMR 
Relationships between Surface Water
Physical Parameters and Chemistry
Transparency had low negative correlation with turbidity (-0.058). Relationship was not significant (Table 2) . Temperature exhibited low negative correlation with turbidity (-0.08511) and low positive correlation with transparency (0.164). Relationship between temperature and turbidity was not significant but significant for temperature and transparency (P<0.001). Temperature exhibited negative correlation with dissolved oxygen (-0.060), biological organic demand (-0.0291), salinity (-0.506), total organic carbon (-0.0277) and total organic matter (-0.0278) but relationships were insignificant except salinity at P<0.001. Temperature had positive correlation with pH (0.302), total dissolved solid (0.397), calcium (0.321), hardness (0.213), alkalinity (0.165), chloride (0.217), magnesium (0.064) and conductivity (0.372). The relationships were significant with all these parameters (P<0.001) except magnesium (P>0.05).
Turbidity showed positive correlation with total organic carbon (0.002), total organic matter (0.008), dissolved oxygen (0.062), chloride (0.017), alkalinity (0.019), biological oxygen demand (0.003), conductivity (0.026) and total dissolved solid (0.026). Its relationships with these parameters were not significant (P>0.05). However, turbidity had negative correlations with magnesium (-0.105), salinity (-0.024), hardness (-0.176), calcium (-0.149) and pH (-0.112). Significant relationships were found with all parameters (P<0.05, 0.01, 0.001) except salinity (>0.05). Transparency correlated negatively with the following parameters; dissolved oxygen (-0.031), chloride (-0.004), biological oxygen demand (-0.105) but relationships were insignificant except biological oxygen demand (P<0.05). It showed positive relationship with other parameters and it is significant for salinity, calcium, conductivity and total dissolved solid (P<0.05, 0.001).
Dissolved oxygen had negative correlations with total organic carbon (-0.120), total organic matter (-0.120), alkalinity (-0.107) and calcium (-0.006). Correlations were significant (P<0.05) except with calcium (P>0.05). Dissolved oxygen exhibited positive relationships with magnesium (0.041), Chloride (0.199), biological oxygen demand (0.415), salinity (0.107), hardness (0.027), conductivity (0.081), total dissolved solid (0.105) and pH (0.115) and correlations were significant (P<0.05) except magnesium, hardness, calcium and conductivity (P>0.05). Total organic carbon correlated positively with total organic matter (0.994), alkalinity (0.091), conductivity (0.012) and total dissolved solid (0.025). However, total organic carbon was negatively correlated with magnesium (-0.154), dissolved oxygen (-0.120), chloride (-0 
Relationship between Water Chemistry and Nutrients
Dissolved oxygen exhibited positive correlations with ammonia (0.064) and sulphate (0.139) but negative relationships with nitrate (-0.121) and phosphate (-0.005) ( Table 4) . Dissolved oxygen relationships with these nutrients were only significant for nitrate and sulphate (P<0.05, 0.01) respectively). Biological oxygen demand had positive relationships with these nutrients except nitrate (-0.069) and these were only significant for phosphate (P<0.05). pH correlated positively with ammonia (0.078), phosphate (0.031) and sulphate (0.196) but negatively with nitrate (-0.216). Relationships of pH with these nutrients were significant (P<0.001) except ammonia and phosphate. Salinity showed negative correlation with these nutrients except sulphate (0.389). Its relationships with nitrate, phosphate and sulphate were significant (P<0.05, 0.01). Electrical conductivity demonstrated negative correlations with the observed nutrients except sulphate (0.343) and these were significant (P<0.05, 001) for all nutrients. Total organic carbon and total organic matter exhibited positive relationships with these nutrients but their relationships were only significant for nitrate (P<0.01). Total dissolved solid had negative correlations with these nutrients except sulphate (0.372). The relationships between these nutrients and total dissolved solid were significant (P<0.05, 0.001). However, other water chemical parameters showed varied correlations with ammonia, nitrate, phoshapte and sulphate.
Discussion
Surface Water Physico-Chemical Parameters
In estuaries, temperatures are less significant than variations in salinity and types of substratum in determining distribution patterns and relative abundance of species [9] . The observed temperature demonstrated narrow amplitude of variation. It showed the characteristic of the tropical environment and falls within the acceptable ranges [10, 11, 12] . Tide had significant influence on temperature, higher at low tide than at high tide. The reason could be the reduced water volume at low tide which invariably reduced the water depth of the creek thus receiving sun intensity. Naturally, transparency is inversely proportional to turbidity. This was evident by the negative correlation between transparency and turbidity in this study. The observed transparency values at both tides might be attributed to the clearness and cloudiness of the water at low and high tides respectively. The present study agreed with transparency values in Ajao [13] of 0.3 m to 1.9 m in Lagos Lagoon and, Sikoki and Zabbey [12] of 0.6 m-1.5 m in Imo River, Nigeria. Chrzanowski and Grover [14, 15, 16] and Roelke et al. [17] reported that balance of light energy is assumed to regulate algae ecosystem structure. Turbidity is an important water quality parameter due to sediment loading and the concomitant effect it has on the light available for phytoplankton and epiphyton growths as well as other aquatic life [18] . There has been no standard range of values assigned to turbidity of natural waters [19] . Turbidity controls the dynamic of phytoplankton [20] . The record of this present study did not exceed the level found in natural water bodies. Boyd [7] reported that turbidities in natural waters seldom exceed 20,000 mg/L and even muddy waters usually have less than 2000 mg/L. Also, the observed turbidity level in this study agrees with the range of 2 NTU to 47 NTU reported by Asonye et al. [21] for the turbidity of Nigerian rivers, streams and waterways. The observed turbidity might be attributed to plankton. Swann [22] reported that plankton is one of the causes of turbidity. However, the higher tidal influence on turbidity at high tide might be linked to the introduced suspended particulate matters that negatively affected the biological communities.
Salinity affects the distribution patterns and relative abundance of organisms [23, 24] . Its variations that could be expected are due to the distribution of rainfall. The observed salinity in this study disagreed with the report of Praveena et al. [2] that salinity at high tide was higher than at low tide. The salinity of the coastal water is usually in the range of 34.40 ‰ to 34.50 ‰ although lower values do occur [19] . The present study record of salinity is within this acceptable range for coastal waters. It is also within the range reported by Chindah and Nduaguibe [25] of 11.5±1.8 ‰ to 20.3±3.0 ‰ for Lower Bonny River, Chindah [26] of 0.0 ‰ to 10.50 ‰ for New Calabar River and Hart and Zabbey [11] of 0.0 ‰ to 12.70 ‰ for Woji Creek. Higher evaporation and low volume of water at low tide might be the possible reason for the higher salinity at low tide.
Dissolved oxygen is probably the most universal applied water quality criterion. The observed dissolved oxygen concentrations were within the acceptable range. IJC [27] recommended that dissolved oxygen concentration above 4 mg/L is good while below 4 mg/L is detrimental to the aquatic life. Also, it is within the concentration expected to be found in natural surface water. The recorded desirable of dissolved oxygen might be traced to tide. Tide helps to circulate the atmospheric air containing oxygen within the water column. McNeely et al. [19] reported that natural surface water has dissolved oxygen less than 10 mg/L. The tidal influence on dissolved oxygen, higher at low tide than at high tide might be traced to the high primary productivity (high transparency) of algae at low tide.
Biological oxygen demand is of vital importance in pollution monitoring. The recorded biological oxygen demand is within the acceptable range for aquatic environments. Waters with biological oxygen demand levels less than 4 mg/L are regarded clean and those with levels greater than 10 mg/L are considered as polluted as they contain large amounts of degradable organic material [19] . However, the present biological oxygen demand range was less than that reported Hart and Zabbey [11] of 0.2 mg/L to 98.9 mg/L for Woji creek. This indicated that the biological oxygen demand load in this present study did not pose a threat to the aquatic environment. However, the higher biological oxygen demand at low tide might be attributed to the higher decomposition of organic matter enhanced by high temperature and reduced water volume.
The pH is an index of hydrogen ion concentration and a very important environmental factor. Surface water generally tends to be alkaline while ground waters are more acidic. The range of pH is broader in freshwater than in seawater [19] . Obunwo et al. [28] reported 5.91 to 6.30 for Minichinda stream. Moreso, Obiri et al. [29] , Chindah and Nduaguibe [25] , Chindah [26] and Hart and Zabbey [11] to mention but a few workers reported similar pH ranges. The present pH range was also within the acceptable limit of International Standard. IJC [27] suggested a pH range of 6.5 to 9. The difference between the highest and lowest pH recorded was not up to 0.5 pH units. This is an indication that the various anthropogenic inputs did not alter the ambient pH. According to IJC [27] , waste discharges should not alter the ambient pH by more than 0.5 pH unit.
The narrow pH range recorded favours many chemical reactions inside aquatic organisms (cellular metabolism) that are necessary for their survival and growth [30] . The observed higher tidal influence at high tide on pH may be attributed to high inflow of seawater into the creek. The seawater pH ranges from 8.0 to 8.3 [19] . The seawater mixed with the creek water to increase its pH.
Conductivity is the ions capacity of the water and how these ions are be conducted or distributed. This ability depends on the presence of ions and on their total concentration, mobility and valence [6] . Carbonates and other charged particles increased the conductivity of a water body. It naturally increases towards the sea like salinity. The observed conductivity of this creek might be due to its brackish nature. The higher conductivity concentrations at high tide may be attributed to the high surge of water from the sea to the creek. However, the recorded conductivity in this study was in accordance with the observation of Praveena et al. [2] that conductivity at high tide was higher than at low tide.
The total dissolved solid is an index of the amount of dissolved substances from anthropogenic sources in a water body. The presence of such solutes alters the physical and chemical properties of water. The observed total dissolved solid load is higher than the recommended 1,001-10,000 mg/L for brackish water [19] . This is an indication of organic pollution from anthropogenic sources. The higher total dissolved solid concentration at high tide could be explained by the high organic matter discharges into the river and probably by the high sea influence on the creek.
The higher chloride at low tide could be linked to its significant positive correlation with salinity. Salinity was also high at low tide. It could further be attributed to reduce effects of municipal runoff and high evaporation rate of water from the creek at low tide. The mean chloride concentration in Okpoka creek agrees with the acceptable concentration of less than 19,000 mg/L in seawater though higher levels may occur [19] . Pillard et al. [31] reported mean values of 20,000 mg/L and 19,000 mg/L respectively for Amococadiz oil spill in United States of America. The mean magnesium concentration in this study exceeded that have been recorded in seawater (1000 mg/L). The tidal variation with higher values at low tide could be linked with higher salinity concentrations at this period. Salinity had positive relationship with magnesium in this study. Hardness of water from this creek is high based on the calcium and magnesium concentrations. The range of total hardness observed in this study is characteristic of brackish environment. Dambo [32] observed a range of total hardness from 3395.15 mg/L to 4710.23 mg/L for Lower Bonny Estuary. The present observation of water hardness is in agreement with these workers reports. Water with hardness less than 120 mg/L calcium carbonate can be deemed desirable for most uses, but only if hardness exceeds 500 mg/L can be labeled undesirable for both industrial and domestic uses [33] . The possible reasons for tidal variation of magnesium and calcium might be applicable for hardness concentrations in this creek.
The total organic carbon contains the dissolved and particulate organic carbon. The recorded range of total organic carbon concentrations was above the 1 to 30 mg/L for natural water. Higher levels in water indicate pollution and results from anthropogenic inputs [19, 34] . Water with less than 3.0 mg/L total organic carbon is said to be relatively clean [19] . However, the higher total organic carbon concentration at high tide is an indication of increased anthropogenic inputs in the creek. Also, the high tide introduced into the creek numerous organic materials. The total organic matter concentration is directly proportion to total organic carbon level in the creek. It had a very high positive correlation with total organic carbon. Based on this, the reasons for the observed tidal variation of total organic carbon levels might be appropriate for total organic matter concentrations in this creek.
High concentrations of calcium in water are relatively harmless to all organisms and may reduce toxicity of certain chemical compounds to fish. The observed calcium concentration in this study was higher than the expected concentrations in seawater, usually 400 mg/L [19] . The tidal variation with higher values at low tide might be traced to high salinity, water evaporation and transparency, and it was in agreement with Praveena et al. [2] . Alkalinity is the buffering (alkaline) capacity of the water. The range of alkalinity observed is characteristic of estuarine environment. Waters with high alkalinity are undesirable because of the associated excessive hardness or high concentrations of sodium salts. The reported alkalinity in this present study is within the acceptable range for natural surface water. Department of National Health and Welfare [33] recommended a acceptable range of 30 mg/L to 500 mg/L for natural waters. For the aquatic environment to be protected, guidelines stipulate that alkalinity must be maintained at natural background levels with no sudden variation [35] . The water of this creek is desirable for aquatic life and industrial uses as it has alkalinity above 30 mg/L. The results of alkalinity in this study are higher than the alkalinity levels reported by Obunwo et al. [28] for five streams in the Niger Delta. Generally, brackish water alkalinity is greater than freshwater alkalinity. The present observation of alkalinity agrees with those studies on estuarine environment [36] . The observed higher concentrations of alkalinity at high tide suggested that increased runoffs and discharges had increased the alkalinity of the creek.
Nutrients of Surface Water from Okpoka Creek
Nutrients availability especially phosphorus structures the algae assemblage [14, 17, 20, 23, 37] . Ammonia contributes to the fertility of water since nitrogen is an essential plant nutrient. It is also one of the most important pollutants in aquatic environment because of its relative high toxic nature and its ubiquity in surface water systems [38] . Ammonia enters natural water systems from several sources including industrial wastes, sewage effluents, coal gasification and liquefaction conversion process plants and agricultural discharge including feedlot runoff.
The study ammonia exceeded the concentration of less than 0.1 mg/L found in natural waters [19] . This possibly indicated anthropogenic and domestic inputs as also reported by Praveena et al. [2] . The mean ammonia concentration was also higher than the level of 0.02 mg/L unionized ammonia (NH 3 ) required for the protection of aquatic life [34] . Fish cannot tolerate large quantities of ammonia since it reduces the oxygen-carrying capacity of the blood and thus the fish may suffocate. The recorded range of ammonia in this creek was within the range of 0.093 mg/L to 2.65 mg/L reported by Chindah and Nduaguide [25] and Obunwo et al. [28] in the Niger Delta. However, tidal differences might be attributed to high discharges from municipal sources.
The observed mean nitrate was below the more than 100 mg/L expected to be found in natural surface water. Nitrogen is most often limiting in marine systems [39] . The reason being that molybdenum, phoshorus or energy constraint can be limiting to nitrogen fixers, which makes for lower nitrogen fixation [40] . There is also significantly higher denitrification in marine sediments. The low pH generally makes nitrate available to primary producers. This might be ascribed to the recorded nitrate level in the creek. The recorded high nitrate at low tide might be linked to low pH at low tide. The range of nitrate recorded in this study was below the statutory limit of 25-50 mg/L given by the European Economic Community (EEC) [41] and 20 mg/L United State Environment Protection Agency (USEPA) [42] . Nitrate does not pose a health threat but it is readily reduced to nitrite by the enzyme Nitrate reductase which is widely distributed and abundant in both plants and micro-organisms [43] . Nitrite causes cancer and methaemoglobinaemia (blue-baby syndrome) in human beings [19] .
The recorded phosphate concentrations in this study were higher than the acceptable limit of 0.10 g/L in flowing waters as recommended by USGS [44] . This observation agreed with that of 0.43 to 3.52 mg/L of Chindah and Nduaguibe [25] . Praveena et al. [2] attributed the higher values of phosphate in the coastal waters of Port Dickson, Strait of Malacca, Malaysia to anthropogenic impact thus this could be the possible reason for the higher phosphate values in Okpoka Creek.
McNeely et al. [19] observed 2650 mg/L sulphate in seawater. The recorded sulphate was below the sulphate values in seawater, that is, within the acceptable levels. The observed higher sulphate at low tide could be attributed to the higher biological oxygen demand at this period. Oxidation of the organic materials and burning of fossil fuel used up oxygen thereby exerting higher biological oxygen demand in the creek.
Conclusion
Tides (low and high tides) have significant or insignificant influences on temperature, turbidity, transparency, salinity, DO, BOD, pH, TOC, TOM, conductivity, TDS, chloride, calcium, magnesium, hardness, alkalinity, ammonia, nitrate, phosphate and sulphate. The values of the measured physico-chemical parameters and nutrients were higher or lower at low tide for some parameters and vice versa. The recorded range of TOC concentrations at both tides was above the 1 to 30 mg/L for natural aquatic bodies. Phosphate and ammonia exceeded FEPA and USEPA acceptable levels of 0.01 mg/L for natural water bodies. Increasing anthropogenic wastes especially dredged materials, slaughter effluents and raw human faeces lead to high organic loads.
